ABSTRACT: Hospital readmissions contribute significantly to the cost of medical care, and may reflect unresolved problems at discharge or a lack of resources in post-hospital care. The purpose of this paper is to assess the effects of patient characteristics at discharge, the need for nursing care, discharge planning program, post-hospital care arrangements, and caregiver characteristics on readmissions of stroke patients. Patients discharged from neurological wards in seven hospitals in the Taipei area were recruited into the study. Surveys were conducted before their discharge, and at one month after discharge. Of the 489 patients included in the study, 24.3% were readmitted. After controlling for other variables, factors associated with readmissions were number of limitations in activities of daily living (ADL), first incidence of stroke, the need for wound nursing care, the adoption of a care plan, and the discharge locations. Contrary to expectation, age, length of stay, counseling before discharge, and caregiver burden were not associated with readmissions. The findings of this study indicate that ADL limitation is an effective predictor of readmissions. Increasing home nursing resources to meet the demand for wound nursing care may also be effective in reducing readmissions. Discharging patients into institutions for a short period of time may also prove to be more economically viable due to the reduction in readmissions.
Introduction
Hospital readmission has been used as an indicator of quality of care, and has been shown to be associated with medical care expenditure (Anderson & Steinberg, 1984; Leibson, Naessens, Campion, Krishan, & Ballard, 1991) . From a quality of care standpoint, hospital readmissions may reflect unresolved problems at discharge. In terms of access to care, it may imply there is a lack of resources being allocated to post-hospital care. And, financially, readmission means the return for the most expensive type of health services, inpatient acute care. Identifying factors associated with hospital readmissions can provide crucial information in the development of intervention programs to reduce unnecessary readmission, and thus improve the quality of care and reduce costs. Research has shown that readmissions are prevalent mostly among the more chronically ill population (Soeken, Prescott, Herron, & Creasia, 1991; Wray, DeBehnke, Ashton, & Dunn, 1988) . Furthermore, compared to patients with other chronic conditions, stroke patients had longer length of stay, more readmissions, and higher medical expenditure (Wolinsky, Gurney, Wan, & Bentley, 1998) . Similar results were observed in Taiwan where stroke patients had longer lengths of stay and higher medical expenditure than patients with other chronic conditions (Department of Health, Executive Yuan, 2004a) . How to reduce readmissions and medical care expenditure has become a major concern, as the number of stroke patients increases in Taiwan (Department of Health, Executive Yuan, 2003 , 2004b . Thus, the purpose of this research is to investigate factors that may be associated with hospital readmissions among stroke patients within 30 days after discharge, and to propose approaches to reduce readmissions.
Depending on patient characteristics and the length of follow-up, the rate of readmissions varied widely. Previous epidemiologic studies of stroke survivors estimated the readmission rate to be between 20% and 27% within one year after the initial stroke (Sloan, Taylor, & Picone, 1999; Thorngren, Westling, & Norrving, 1990) . Camberg et al. (1997) studied repeated hospitalization of stroke patients 65 years or older discharged from Veteran Health Administration Hospitals and reported readmission rates of 16.6% at one month after hospital discharge. In general, the readmission rates at six months ranged from 23.0% to 43.8% (Andersen et al., 2000; Camberg et al., 1997; Ottenbacher et al., 2001) . At 12 months, they ranged from 32.5% to 58.8% (Berg & Intrator, 1999; Bohannon & Lee, 2003; Camberg et al., 1997; Claesson, Gosman-Hedstrom, Fagerberg, & Blomstrand, 2003) .
Studies focused on identifying factors associated with hospital readmissions are many, but only few studies have focused on stroke patients. Past studies have identified demographic, social, and health related factors such age, widowhood, social support, life satisfaction, severity of illness, co-morbidity, depression, and caregiver burden as potential predictors of hospital readmissions (Hoskins, Walton-Moss, Clark, Schroeder, & Thiel, Sr., 1999; Krumholz et al., 1997; Levine et al., 1996; Lotus Shyu, Chen, & Lee, 2004; Nikolaus, SpechtLeible, Kruse, Oster, & Schlierf, 1992; Rich et al., 1995; Schwarz, 2000; Schwarz & Elman, 2003) . However, most of the studies have been carried out among the general population or among heart patients exclusively.
Among stroke patients, worse physical function at discharge has been consistently associated with increased readmission rates (Bohannon & Lee, 2004; Ottenbacher et al., 2001) . Patients with worse physical functions tended to have more severe cases of stroke, demand more care, and thus, be more likely to be readmitted when post-hospital care resources were insufficient. The relationship between length of stay and readmissions, on the other hand, has been inconclusive. While Bohannon and Lee (2003) found shorter length of stay to be associated with readmissions among stroke patients, Westert, Lagoe, Keskimaki, Leyland, and Murphy (2002) did not find such a relationship and concluded that hospital readmissions were not produced by premature discharge in the study population.
The implementation of discharge planning in hospitals can also be a significant factor in reducing readmission. In a recent study, Dai, Chang, Hsieh, and Tai (2003) have found that stroke patients included in the discharge planning program were less likely to be readmitted, although the difference was not statistically significant. Nevertheless, the potential of discharge planning in reducing readmissions has been documented in other research (Naylor et al., 1999) . Follow-up home visit after hospital discharge is also associated with reduced readmissions. Anderson et al. (2000) randomly assigned patients to different follow-up programs with primary care physicians or therapists, and found that patients in the experimental groups were less likely to be readmitted than those in the control group. The authors speculated that the visits with physicians and therapists were able to detect health problems earlier and prevent readmissions. Another study focused on heart patients, however, found follow-up visits ineffective in reducing hospital readmissions (Kwok et al., 2004) .
Studies have identified an association between the use of institutions and readmissions, (Camberg et al., 1997; Corrigan & Martin, 1992; Lockery, Dunkle, Kart, & Coulton, 1994; Naylor et al., 1999) . But the findings have been inconclusive. Furthermore, none of these studies was able to identify the underlying causes associated with the effects of institutionalization on reduced hospitalization. Did reduced readmissions represent better care or unmet needs in inpatient care among those in institutions? Past studies mainly attributed the difference in readmission rates to disparity in patient characteristics.
Studies identifying variables that may influence readmissions rates among stroke patients have mainly focused on the effects on readmissions of patient demographic characteristics, physical function, discharge planning, and discharge location. Little information is available about the association between readmissions and the need for nursing care or caregiver characteristics. Thus, this study attempts to provide a broader perspective on readmission of stroke patients by including variables such as the need for nursing care, caregiver characteristics, and caregiver burdens as predictor variables, in addition to other already known predictors.
Methods
This research used a longitudinal study design. Information was collected through face-to-face interviews while the patients were in the hospital and through telephone interviews at one month after their hospital discharge. Stroke patients were recruited from neurology wards at seven hospitals in the Taipei area from July 1999 to June 2000. Among the hospitals, one was a medical center, five were municipal hospitals, and one was a private hospital. Patients were eligible to participate in this study if diagnosed with stroke based on the International Classification of Disease, ICD-9-CM, codes 430-434, and 436-438. A total of eight interviewers were recruited to assist with data collection. Prior to actual data collection, the interviewers participated in a one-day workshop, consisting of basic training in survey research and interview techniques, and a practice session. Systematic screening of stroke patients was performed by the trained interviewers from the hospital admissions and neurology ward registries twice a week. The interviewers would visit the stroke patients prior to their discharge and conduct in-hospital face-to-face interviews. The in-hospital interview was arranged for a time close to the day of their discharge, so that the collected information would be representative of the patient's condition at discharge.
Formal approvals of the study were obtained from each of the participating hospitals. Patients and their families who expressed interest were given a written statement describing the purpose of the study, the right to withdraw from the study at any time, and the right to refuse to answer questions. Contact information of the principle investigator was also listed in the statement. Oral instead of written consent was obtained from each participant before interviews. When patients were cognitively impaired, oral consent was obtained from the next of kin. In situations where a patient was unable to respond to the questionnaire, the available caregiver was selected as the proxy respondent, with the consent of the stroke patient or the next of kin.
Only stroke patients who had reported functional limitations in any activity of daily living or any instrumental activity of daily living in the in-hospital interviews were included in the follow-up telephone surveys. These activities included eating, dressing, bathing, transferring, toileting, walking indoors, preparing food, doing light housework, doing laundry, walking outdoors, grocery shopping, personal finances, taking medication, and making telephone calls. A patient was defined as having functional limitations if he or she was not able to perform the activity free of assistance. At exactly one month after their discharge, interviewers would attempt to make telephone contact with the patient or the primary caregiver. If they could not be reached at the first attempt, the interviewers would try to call again on another day. A maximum of three attempts would be made. When the patients could not be interviewed for health reasons, a primary caregiver was selected and asked to provide proxy responses. Oral consent was obtained for each of the follow-up telephone surveys.
A total of 714 patients completed the in-hospital interviews. At time of discharge, 147 patients had recovered all physical functions, and were excluded from the one-month follow-up survey. Before the one-month follow-up, 30 patients had deceased, and were excluded due to incomplete data. Another 48 patients discontinued their participation in this study. Thus, the final number in the analysis was 489.
Measurements
Independent variables included socio-demographic characteristics of the patient, stroke severity, nursing care needs, discharge planning variables, and caregiver characteristics. Socio-demographic characteristics included age, sex, ethnicity, years of education, and monthly fam-ily income. Age was grouped into three categories: < 65, 65-74, and 75 or more. Due to the low number of Mainlander and Hakka respondents, they were grouped together in the analysis. Ethnicity was classified as "Fukienese" or "non-Fukienese". Years of education was measured by the number of years of formal education. The categories were no formal education, one to six years, and more than six years of formal education. Monthly income was the total household income. Patients were grouped into low (less than NT$ 30,000), middle (NT$ 30,000 to NT$ 79,999), and high income (more than NT$ 80,000) categories.
Stroke severity was assessed with three variables. In this study, we did not have direct measures of stroke severity, but had to use the number of dependencies in activity of daily living (ADL), level of consciousness, and first incidence of stroke as proxy measures for stroke severity. The number of dependency in ADL was measured with the Katz index of independence in ADL. It involved assessing whether the patient was able to perform the following activities without assistance: eating, dressing, bathing, transferring, toileting, and walking indoors. The number of limitations ranged from 0 to 6. In the analysis, scores were grouped into low (0-2), middle (3-4), and high (5-6) for comparison purposes. The level of consciousness was measured by one six-point item with 0 representing unconsciousness, and 5 representing clear consciousness. Scores 1 through 4 represented various levels of confusion regarding time, place, or people. For the analysis, level of consciousness was grouped into clear consciousness, confusion, or unconsciousness.
The need for nursing care included four variables: mouth care, wound nursing care, replacement of tubes (including Foley catheter, N-G tube and trachea), and other invasive nursing care (including bladder irrigation, enema, suctioning). It was assessed whether the patients needed such care after hospital discharge. All variables were coded as dichotomous variables.
Discharge planning variables included length of stay, consultations before discharge, the adoption of a care plan, and care arrangements after discharge. Length of stay was the number of days the patient was hospitalized. Consultations before discharge assessed to what extent patients or caregivers received information on how to care for the patients. The adoption of a care plan indicated whether the patient followed the arrangements for post-hospital care as proposed by the staff in the discharge planning program. Care arrangements included the use of institutions, the use of 24-hour attendants, other home or community-based care, and family care. The number of users for home or community-based care was small, and thus these were grouped together with family care.
Caregiver characteristics included age, sex, spousal relationship with the patient, and caregiver burden. Caregiver age was grouped into four categories: < 45, 45-54, 55-64, and 65 or more. Caregiver burden was assessed with seven questions. The seven-question caregiver burden index in this study was part of a 20-question index originally developed by the researchers (Lee & Wu, 1998) based on past research. Five of the seven questions assessed the negative effects of care-giving (physical tiredness, emotional stress, lack of time for oneself, financial pressure, competing care demands), while the other two questions assessed the positive effects (the feeling of being wanted, and satisfaction resulted from fulfilling obligations). Each question has a 4-point scale with 1 representing 'never' and 4 representing 'very often'. In terms of reliability, the five-question negative effects measure and the two-question positive effects measure had a Cronbach's alpha of 0.80 and 0.81.respectively. Questions were recoded so that higher score indicated more burdens. The final score for caregiver burden was the sum of the seven questions, ranging from 7 to 28, with higher scores indicating more burdens. To assess the effects of caregiver burden on hospital readmissions, respondents were divided in about equal numbers into three groups representing lower, middle, and higher burden.
Statistical Analysis
Characteristics of patients were presented with numbers and percentages. Comparisons between those readmitted and those not readmitted were made with t-test and c 2 test. To assess the effects of predictor variables on hospital readmissions, multivariate logistic regression was used. Statistical calculation was carried out using SPSS 10.0 software. The level of significance for all tests was set at .05. Table 1 displays the descriptive statistics of the study sample. The average age was 73.22, and nearly half of the patients were at least 75 years old. About 55.2% were males. Years of education, in general, were low, with 27.2% having received no formal education. A majority of patients had family income in the NT$ 30,000 to NT$ 79,999 range. About 54.4% were first-time stroke patients. In general, the patients were severely disabled. About 67.1% of them had limitations in at least five items of ADL functions. As for the level of consciousness, 27.0% were confused, and 5.3% were in a state of unconsciousness. The percentages needing mouth care, wound nursing care, replacement of tubes, and other invasive nursing procedures were 12.3%, 8.6%, 24.7%, and 12.9% respectively. The average length of stay was 21.72 days. At discharge, 24.9% received little or no counseling on how to care for the patients, and 17.8% received a care plan for posthospital care. Within the first month after discharge, 14.1% had been admitted into institutions, and 23.9% had hired a full-time helper.
Results
In terms of caregiver characteristics, the average age was 52.78, with about 21.1% of the caregivers aged 65 or older. About 70.3% of the caregivers were female, and 40.7% of them were spouses of the patients. On a scale of Higher readmission rates were observed in patients with more ADL limitations, or lower levels of consciousness. Patients with the need for mouth care, wound care, replacement of tubes, or other invasive nursing care also had higher readmission rates. In terms of discharge planning, patients who had longer length of stay, adopted a care plan, or used a full-time helper also had higher readmission rates. Higher readmission rates were also observed in patients with younger, non-spousal, or higher-burdened caregivers. Table 3 shows the results of the multivariate logistic regression. The significant predictors of readmissions were number of ADL limitations, first-time stroke, need for wound nursing care, need for other invasive nursing care, adoption of a care plan, and care arrangements after discharge. Compared to patients with 0-2 ADL limitations, those with 3-4, and 5-6 limitations were 6.62, and 8.63 times more likely to be readmitted. Patients who had had a first-ever incidence of stroke were 2.38 times more likely to be readmitted. Patients needing wound nursing care or other invasive nursing care were 3.25 and 2.61 times more likely to be readmitted respectively. The need for mouth care and tube replacement, although significant in the bi-variate analysis, was found to be statistically insignificant by this test. Compared to patients in institutions, the odds of being re-admitted were 10.16 and 4.50 times higher for patients cared for by a full-time helper or family members respectively. Not shown in the table, patients with a full-time helper were also more likely to be readmitted compared to patients cared for by family members (OR = 2.26; 95% CI = 1.23 to 4.16). 
Discussion
The readmission rates for stroke patients remain high. Efforts to reduce readmissions can improve the quality of care in hospitals and reduce medical care expenditure. Although this study is exploratory in nature, it has identified some factors that are worthy of future investigation. Consistent with findings from previous research (Bohannon & Lee, 2004; Ottenbacher et al., 2001) , the number of limitations in ADL before hospital discharge was a significant predictor. ADL dependency at discharge was associated with severity of stroke and was also an assessment of the extent of recovery. The results of this study provide some evidence that ADL assessment at discharge can be effective in identifying groups at high risk of readmission. Interventions aimed at reducing If a patient discharged with more ADL dependencies were more likely to be readmitted within one month, and if the potential for the patient to recover more ADL functions was imminent, then should the patient be hospitalized longer until he or she has regained more function? The cost of keeping patients longer should be weighed against the additional cost of readmissions if patients are discharged early. Thus, the decision to discharge a stroke patient should not only consider the current status of the patient, but should also take the likelihood of readmission into consideration.
In this study, wound nursing care and other invasive nursing procedures were significant predictors. One limitation of this research is that it does not distinguish among the types of invasive nursing procedure needed. Thus it is not clear which of the invasive nursing procedures was responsible for the statistical association. However, the significant association between wound nursing care and readmissions appears to indicate a possible unmet need in wound nursing care resulting from an insufficient number of nursing visits. The National Health Insurance scheme reimburses home nursing visits twice per month. While this may be sufficient for the replacement of tubes or mouth care, it may be insufficient for wound nursing care, which at times requires more frequent nursing visits. Other previous research has indicated a need for more wound nursing visits than the twice per month reimbursed by the National Health Insurance (Wang, 2003) . The Bureau of National Health Insurance should conduct additional studies to assess whether the benefit of reduced hospital readmissions resulting from offering more nursing visits would outweigh the cost of providing such care.
The findings also indicated that patients who adopted a care plan were more likely to be readmitted. Due to a lack of standardized discharge planning programs among the seven hospitals where the study took place, the adoption of care plans may, indeed, have different implications. Similar patients discharged from different hospitals may receive different care plans due to differences in practice patterns among hospitals. One possible explanation is that care plans may be associated with the severity of patient status at discharge. Patients with a severe case of stroke tended to have multiple needs for care, and thus, were more likely to receive a care plan from the discharge planning program.
The use of institutions was associated with fewer readmissions. Speculations as to the reasons why the association was observed included differences in patient characteristics, caregiver burden, perceived need to re-hospitalize patients, and quality of care. However, since patients in institutions tended to be sicker, and caregiver burden was controlled for in the study, it is unlikely that these were the reasons why the difference was observed. One possible reason is that the family caregivers and the care providers in institutions do perceive the need to re-hospitalize patients differently. The decision to re-hospitalize patients by a family caregiver may be made based on different criteria from those of institutional care providers. To understand the reasons for reduced readmissions, the decision making process for re-hospitalizing a patient should be studied extensively. Another reason could be that institutions were better at handling stroke patients immediately after discharge. In other words, family caregivers were not ready to face the complexity of the care demands of stroke patients immediately after discharge. Thus, it ought to be considered at what point it becomes more economically viable to discharge patients to institutions before sending them home. The effects on readmissions of short-term stay in institutions should be investigated.
As the cost of health care increases, the relationship between hospital readmissions and characteristics of patient status at discharge, discharge planning program, and post-hospital care arrangements has significant implications for developing interventions that may reduce the cost of hospitalization. The limitation of two home nursing visits per month may have some negative effects on readmissions. The failure to establish scientific evidence describing the underlying mechanism of how discharge planning may reduce hospitalization have hindered the effectiveness of discharge planning in reducing medical care costs. Funding for research of this nature ought to be allocated by relevant government agencies to advance the body of knowledge in this matter. Establishing a national program without fully assessing its effectiveness will have little effect in improving the quality of care and reducing cost.
Study Limitations
This research did not distinguish between readmissions occurring due to stroke, complications associated with stroke, or other non-stroke related causes. Furthermore, it included only patients who still experienced limitations in ADL functions at the time of hospital discharge. Therefore, findings from this research do not apply to all stroke patients at discharge, and the results should be interpreted accordingly.
In this research, hospital readmission was likely to be underestimated due to the exclusion of deceased patients. The authors do not think the exclusion of deceased patients will have an effect on the direction of association between the predictors and readmissions. However, since the deceased patients tended to have worse ADL functions and had more needs for nursing care, it might have a negative effect on the magnitude of association between readmissions and need for nursing care, or number of ADL functions. In other words, the affects of these variables on readmission might be underestimated.
Recruiting patients only from seven hospitals in the Taipei metropolitan area, this study does not intend to generalize its findings to other areas in Taiwan. Regional differences in the practice of discharge planning and in post-hospital care resources may lead to geographical variations in readmission rates. Even though this study is exploratory in nature, the authors do not expect significant differences in the association between readmissions and other variables under study if the study were carried out elsewhere in Taiwan. While this study has identified some predictors of readmission, it is unable to provide the specific underlying mechanism through which the predictors influenced readmissions. Future studies should focus on identifying the underlying mechanism and the development of specific interventions to reduce readmissions.
